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Reply to Office Action dated October 15, 2004 

REMARKS 

Claims 1, 3, 6 and 7 are pending in the application. Claims 1 and 3 are amended. 
Applicants reserve the right to pursue any withdrawn or canceled subject matter in one or more 
continuation or divisional applications. 

Rejections under 35 U.S.C. §112 

The Examiner has rejected claims 1-7 under 35 U.S.C. §1 12 second paragraph as 
indefinite because it is allegedly unclear to whom the compound is being administered. The 
claims have been amended to recite that the compound is administered to "a human patient in 
need thereof to overcome this rejection. 

The Examiner has also rejected claims 1-7 for the recitation of the phrase "optionally 
substituted." It would be clear to one skilled in the art that the residue of an amino acid, as 
described on page 5, lines 17-26, could be optionally substituted. 

The Examiner has also rejected claims 1-7 stating that it is not clear whether Ala, Val, 
Leu or He represents a substitution on another amino acid or a different substitution for Rl . The 
claims have been amended to clarify that residue Rl is, alternatively, a residue that is "derived 
from lie." 

Prior Art Rejections under 35 U.S.C. §§ 102 and 103 

The Examiner has rejected claims 1-7 under 35 U.S.C. §102(b) and under 35 U.S.C. 
§103(a) over Vandai (U.S. 5,212,158). 

The '158 patent discloses compounds falling under formula (I) of present claim 1 and the 
alleged nootropic effect of these compounds (see page 2, line 6). However, Vandai fails to 
disclose the suitability of these compounds for the treatment of postlesional diseases 
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characterized by nerve cell necrosis due to ischemia, trauma or intoxication, as recited in the 
amended claims. 

Vandai does not disclose or suggest a mechanism of action of the compounds described 
therein would indicate any suitability for use in postlesional diseases characterized by nerve cell 
necrosis, as recited in the amended claims. As stated above, Vandai discloses the alleged 
nootropic effects of the desribed compounds. 

A specific mechanism of action of the nootropics is not known. While at first an 
improvement of the blood flow in the brain as well as an improvement of the cerebral glucose 
utilization was assumed to be more or less a pharmaco-therapeutic mechanism of action, in the 
'80s and '90s an improvement of the cerebral energy metabolism or even a direct influence on 
the central nervous transmitter was discussed more often (see for example the publication by 
Professor Jean Rapin, one of the inventors, in La Lettre du Pharmacologue, Volume 6, No. 6, 
May 1992, copy enclosed as Exhibit A). In detail the following mechanisms for various 
nootropics were explained: the increase of the metabolism rate of nerve cells (Piracetam, 
Pyritinol), the blockage of the damaging calcium inflow into the nerve cells (Nimodipin), 
protection against excessive release of messengers (Memantine) and neutralization of cell- 
damaging metabolism products (ginkgo biloba). 

Furthermore, the alleged disclosure of treatment of neurodegenerative diseases in Vandai 
does not anticipate or render obvious the amended claims to the treatment of postlesional 
diseases. The promotion of neurite growth - which is a prerequisite for the treatment of 
postlesional diseases of necrotic origin - does not belong to one of the possible mechanisms of 
action known from the literature, and has no connection whatsoever with the mechanism of 
action known for nootropics. 

A postlesional disease of toxic origin, as recited in the amended claims, is not the same a 
neurodegenerative disease and does not encompass Alzheimer's disease or amnesia, as recited in 
Vandai. A postlesional disease of toxic origin is induced by exogenous toxins such as alcohol, 
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drugs, heavy metals, etc. P-amyloid protein plaques are generated only within the central 
nervous system and are thus endogenous toxins, rather than exogenous ones, p-amyloid also 
cannot be administered to the central nervous system to induce toxicity, for example, via the 
blood circulation, since it does not pass the blood-brain barrier and is metabolized peripherally. 
In support of this, Alzheimer's disease and postlesional diseases of toxic origin are differently 
classified by the World Health Organization. Alzheimer's is classified in block 30 of the 
International Statistical Classification of Diseases and Related Health Problems (see 
www. who, .int/whosi s/icd 1 0/) while postlesional diseases of toxic origin (i.e. intoxication) are 
classified as 'injury 5 in block S. The claimed methods would not have been obvious to one 
skilled in the art in view of Vandai. 

Similarly, amnesia is not a postlesional disease of traumatic origin. Amnesia is not even 
a specific disease, but instead is a symptom. Amnesia is not associated with (necrotic) cell death 
so that its treatment does not require nerve regeneration, but instead it is a reversible cognitive 
impairment. 

It is thus not surprising that in the pertinent literature a difference is drawn between a 
therapeutic treatment of neurodegenerative conditions, for which nootropics are used, such as for 
example Alzheimer's disease, and regenerative processes which are necessary for the treatment 
of postlesional diseases of the nervous system, as presently claimed (see Varon and Connor 
(1994) "Nerve Growth Effector in CNS Repair" in Journal ofNeurotrauma, vol. 1 1, no. 5, 
Exhibit B, attached). On page 473, Varon et al. state: 

In fact, NTFs are already being evaluated in clinical trials as potential therapeutic agents 
for major human neurodegenerative conditions, such as Alzheimer's, Parkinson's, and 
motor neuron diseases (Olson et al., 1992; Seiger et al., 1993). Much less attention, on the 
other hand, has been given to the involvement of neurotrophic factors in CNS 
regenerative processes (for a recent review, see Varon and Hagg, 1993). [emphasis 
added] 

This reference supports the contention that the nootropic or even anti-neurodegenerative 
effect of special substances do not render their effect on regenerative processes obvious. The 
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present application contains experimental data proving the neuro-regenerative effect of the 
compound Cinnamoyl-GFPNH2. This data supports the neuro-regenerative effect of the claimed 
compounds. There is no suggestion in Vandai that the compounds recited in the amended claims 
are regenerative. There is therefore no suggestion in Vandai that these compounds could be used 
in a method of treatment of postlesional diseases characterized by necrotic cell death, as recited 
in the amended claims, which require such regeneration. 

Double Patenting 

The Examiner has provisionally rejected claims 1-7 under the judicially created doctrine 
of obviousness-type double patenting over claims 1-7 of copending Application no. 10/635,696. 
The Examiner has apparently equated the treatment of postlesional diseases claimed in the 
pending application with the treatment of neurodegenerative diseases claimed in the '696 
application. 

Contrary to the Examiner's assertion, these claims do not cover overlapping subject 
matter. A postlesional disease, as recited in the claims, is not the same a neurodegenerative 
disease. A postlesional disease of toxic origin is induced by exogenous toxins such as alcohol, 
drugs, heavy metals, etc. As noted above, Alzheimer's disease and postlesional diseases of toxic 
origin are differently classified by the World Health Organization. Alzheimer's is classified in 
block 30 of the International Statistical Classification of Diseases and Related Health Problems 
(see www.who..int/whosis/icdl Of) while postlesional diseases of toxic origin (i.e. intoxication) 
are classified as 'injury' in block S. A skilled person therefore can clearly distinguish 
Alzheimer's disease form a postlesional diseases of toxic origin. 

Further, amnesia is not considered a postlesional disease of traumatic origin. Amnesia is 
not a specific disease, but instead is a symptom. Amnesia is not associated with (necrotic) cell 
death so that its treatment does not require nerve regeneration, but instead it is a reversible 
cognitive impairment. 



8 



U.S.S.N 10/635,808 

Amendment dated April 15, 2005 

Reply to Office Action dated October 15, 2004 

Applicants believe no further fees are due with this response, however if the Examiner 
determines that any fees are due, the Commissioner is hereby authorized to charge any additional 
fees associated with this response to Deposit Account No. 1 1-0980. 



King & Spalding, LLP 
191 Peachtree Street 
Atlanta, Georgia 30303 
Telephone: 404-572-4720 
Fax:404 572-5145 



Respectfully submitted, 



Madeline I. John 
Reg. No. 36,174 
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EXHIBIT A 



Les nootropes : 

proprietes pharmacologiques du pirac&am 
et indications therapeutiques 



• J.-R, R*pin* 
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Le concept nootrope, propose pat Giurgea (I], repose sur le 
r61e particulier du tflenccphale dans I'aptivitd nerveuse supe- 
rieure commc centre d'iategration des fpnctiow cognitives et 
mentalcs. Les nootropes constituent une dasse de psycho- 
tropes qui visent directement, sans modification de la vigi- 
lancTreticulo-limbique, a fadfiwreffibiencedel'actry.tein. 
tegraUve du cxrveau. Ce concept est foiide sur I'organwauon 
foncdonnelle du cerveau, proposee par Luria, en trojs unites : 
_ une unite d'entrec, de codage et de stockage des informa- 
tions provenant des mondes exterieur cf im Weur (paitie pos- 
terieure du cerveau et aires motrices) ; , . , • 

- une unite de vigilance et d'homeostasie (systime reticulaire 

et limbique); , .. . 

._ une unit* de programmation et de controle du comporte- 

ment complexe (t41cnc4phale). 

Tous les psychotropes connus. 4 1'exccption du lithium, agis- 
sent directement sur 1'unite de vigilance et d'homiortase, 
e'est-a-dire qu'ils entrainent des erfets soil sedaufs soit sti- 
mulants. Un nootrope agit au niveau du tilencephale et ame- 
liore I'efricience des connections interhemisphtnques. Selon 
la classification des psychotropes de: l'OMS, un nootrope 
n'est ni neurolcptique, ni anxiorfdatif. pi antidepresseur, ni 
psychostimulant.AladifferciKedesmedicamemsde ces clas- 
ses, un nootrope n'agit pas par 1'intermediaire des neuronic- 
diatcurs. . 
Les nootropes ne se lucent pas sur des rtcepteurs cirebraux et 
n'interviennent passurles processus de KWradoDOU derecap- 
ture des midiateurs. Leur action porte sur la membrane pla»- 

<FHvm.col09it.FwUi 0» Midline »f Phmruei,, I bovbvni Junn*- 
d-Atc 21000 Dllon 
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mique pcrmettant de meilleurcs communications intra- 
cellular et cette action ne se titrate pas aux seuls neurones, 
d' 0 £t des effete en heraorrhfologie sur les plaquettes euur les 
aucres tissus. 

Le piracitam, seul nootrope aauellement commercialisi, est 
un dime cyclique du GABA IfeJ). D'auues molteuies de 
structure chimique proche du GABA repondent au concept 
noouope. De plus, 0 est possible de rattacher a ee gxoupe de 
substances des ddrivis dont les proprietfe recontmes portent 
sur la plasticite des membranes cellulaires. 

PROPWEttS PHARMACOLOGIQUES 

Les propriety pharmacologiqucs du. piracttam ont etc de- 
montjees chez un grand nombrc d'esptces animate compre- 
nant les souris, rats, chats, lapins, poissons. et portent sur la 
facilitation des apprentissages el de la memoire et aussi sur les 
agressions tclles que I'hypoxie, fflectrochoc et I'mtoucauon 
par les barbituriques, 

Protection de Cacti viti c*r«brale centre les agressions 

Action ontihypoxique ^™tr«. 
U protection cWbrale contre les agressions a M demontree 
en ivaluant l'activit* 61ectrique corticale et les capacttis d ap- 
prentissage des animaux. Ainsi, les rats enuaints a un test 
d'evitement passif et sourois i des conditions d'hypoxie don- 
nent, lorsqu'ils sont traites par du piracitam, une raeiUeurt 
rtoonse de rappel. Le piracium supprimc done les efftts tun- 
nisiques de I'hypoxie. Nikolova ct coll, (2) elargissent le spec- 
tre antihypoxique du piracetaro a d'autres modiles compre- 
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nant les hemorragies, Ics ischemics ct les anoxies. En relation 
avec ractlvitf comportcmcntale, Tadmininration de pirace- 
tam pcrroet un retour a un BEG nonnal apres une pcriodc 
d' anoxic chez le lapin eric rat. Les effets anuliypoxiques du 
piracetam ont aussi iti dimontrfe par la potentialisatfon des 
actions de la prostacyclin et des derives de 1'ergot [3]. 

Action sur la depression corticate 
Le piracetam reduit la depression corticalc induite par le chlo- 
rure de potassium, radenosinc monophosphate ec le pMno- 
barbital, Puisque ces substances ont des mecanismcs de de- 
pression locale different*, il est raisonnable de penser que le 
piracetam excrceun efTet non specifiquesur les fonctions neu- 
ronales resultant d'une protection et de la maintenance dc 
I'activite corticalc, 

Facilitation de I'apprenfcsage et do la mimoirt 

Les effets benefiques du piracetam sur.l'apprentissage et la 
mdmoire ont etc demontres chez differcmes especes (souris, 
rats, poissons) i I'aide de nombreux tests d 'acquisition et de 
memorisation faisant intervenir des eYitements actifs, passifs 
et des rappels [4]. 

Sur la retention, les capacites sont chez le rat dc Tordrc de 
100 7c et il n'est pas possible d'obtenir une amelioration. En 
revanche, il est cl assiquc de provoquer des amnesies par divers 
stimuli, ce qui review aux effets anti-agressions deja decrits. 
Comme exemple prcnons un evitement passif chez le rat. Quel 
que soit ie entire utilise, les rsts normaux montrent une tres 
bonne retention 24 heures apres Tacquisition. Si en revanche 
les rats sont sourais tout dc suite apres I'acquisition t Taction 
d'un agent amnesiant (eicctrochoc, hypoxic.) on constate 
que I 'agent amnesiant a empeche la consolidation de cctte ac- 
quisition ou a empechc une evocation norrnalc de ce type de 
memoirc, Le piracetam protege centre Tamnesie et la reten- 
tion mncsique est quasi normale (f\%> 2), 
L'activite du piracetam est diffcrentc sur la memorisation en 
fonction dc l'agc des animaux, Si I'cffet est significant chez 
Panimal jeune, il est beaucoup moins important que chez 
I'animal age [5J. Ce resultat correspond a une action plus im- 
portante du piracetam chaque fois qu'il exist e unc pathologic, 
le vicillissemcnt pouvant fctre considere comme unc forme dc 
pathologic 

FacSitation des connexions interhtmisphMquas 

La stimulation electrique du gyrus suprasylvien median pro- 
voque sur la zone contralateral du cortex ccrfbraJ un poten- 
ticl cvoque. Cette reponse csi dice transcaJieusc parcc qu'eile 
n'apparalt pas chez ranimal dont ic corps cailcux est sec- 
tionne, L'injection dc piracetam augmente l'amplitude de la 
transmission intcrhemispheriquc, Une autre demonstration 
de cette facilitation du transfer! iranscaileux est raise en evi- 
dence par un apprentissage mono-oculaire , L'information ar- 
rive premieremeht a I'hemisphere oppose a Tceil decouvert. 
La trace mncsique doit passer d'un hemisphere a I'autre par 
rintermediaire du corps cailcux. Le piracetam augmente la Vi- 
tesse de transfcrt enire les deux hemispheres. 
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FIG. 1. CABA et Mrivto nootropes. 
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FIG. 2, Evitement passif & hypoxic. 



Bficience du cunt rule inh&iteur w>rtka> -sous-cortical 
Le cortex exerce une activite de nature inhibitrice sur les struc- 
tures sous-corticaJcs. Avec Fige, et sunout iors des vieillisse- 
ments pathologiques, le contraic cortical s'affaiblit avec ap- 
parition de desinhibition. Chez ranimal, le modelc utilise est 
eclui du nystagmus central. Une stimulation du corps gc- 
Douilie lateral entraine un nystagmus stable. Le piracetam 
supprime ce nystagmus. Des resultats equivalents ont ete 
trouves avecle nystagmus Yestibulaire. L'ensembie des infor- 
mations prouvc que le piracetam renforec les activites corti- 
cales et pcrmet une reprise du contrdle sous-cortical. 

Qfat but Ka miorucirculation 

Le piracetam ameliore la inicrocircuJauon sous certaines 
conditions. Cei effct a ete observe aussi bien au niveau central 
que peripheriquc. Le debit sanguin cerfbral n'est pas modi fie 
diez ranimal vigileet depourvu depathologie. Al'invcrse, un 
accroissement du debit est observe an niveau des rones peri- 
ischemiques ou lorsquc rapport est insuffisant, 
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HI THERAPEUTIQUE 



1. ACTION CELLULAIRE : Augmentation de la plasticity 

2. ACTION FONCTIONNELLE 



TABLEAU I - Bffets et mdkadom du piraceram 



Nf urvnes et glle 



Communication interneurone • 
ct interoeurogliale 
Communication interhemuipheriquc 1 

3 . INDICATIONS : propose 



PJiqQcdcs 



Erythrocytes 



agrcgabilite 
adhesion 



deJorrnabilUe 
adhesion 
afirecabilhc 



— pour aroeliorer certains jymptdmes du deficit intcllectucl du sujet age" (attention, memoire ) 

— dans le traitemcm des mfarctus cerebroux constitucj 
—dans les vertices d'origine centrale 

—dans le traitement d'appoim de la dyslexic cbcr. ('enfant 



Pfasticrte neuronal* 

Nous pouvons considerer deux types de pJasticttc neuronalc : 
— la misc cn place d'un rcscau dc substitution lor$ d'une alte- 
ration d'unc fonction ; 

— la repousse dendritique, si Ic corps du neurone a conserve 
son potentiel de regeneration, 

Au cows du vieillissemenc, unc diminution du nombre de 
neurones dans les aires corticales et les noyaux de la base est 
obseryec. Au niveau moleculaire, la membrane plasmique 
s'epaissit, perd sa fluiditi avec en particulicr une aug^ 
mentation dc la teneur en cholesterol et une modification de la 
composition en phospholipides, Le norabre de reccpteurs dc 
membrane diminue ainsi que la quantise de neurotransmet- 
teurs liberes. Dans I'ensemble, les neurones sont moins plas- 
tiques. Ced se traduit par une diminution des fonctions sup^ 
rieures teUes que la memoire, la vigilance ct le comportement. 
Aucoursdeia-dyslexJe, ledysfoncUonnbrnent frappe ('herni- 
spbtrc dominant avec une diminution; des relations inter- 
neuronalcs. II s'agit ici encore d'une diminution de la piosti* 
cite neuronale. 

PJwricW ^rythrocytaire et plaquettaire 

Pour assurer son rdle dc transporteur d'oxygene, le globule 
rouge doit se deformer afin de passer a travers les capilJaircs 
dont le diametre est inftrieur. Cettc deformabilitd depend de 
la concentration en ATP ct de la composition en phospholi- 
pides. De plus, la deformabilite permct un contact et, par 
consequent, une diffusion de raxygenc du globule rouge vers 
rendothciium du capiliaire. Le piracetam, a dose therapeu- 
tique, cntralne une meilleure deformabilite des erythrocytes et 
diminue la formation de rouleaux. 

Lesplaquettes jouent un r5!c dans rhe"mostase, la thrombose 
el rarterioscldrose. Ces rdles sont exacerbes lors d'une dimi- 
nution de ia tencur en AMPc avec comme consequence une 
hypcragregabilM ct une perte des phenomena de retro- 
contr6le ne permcttant pas de stopper Je phenomene deduc- 
tion. Ici encore il s'agit d'une pcrte dc plasticiti qui est inver- 
see par 1c traitement par le piracetam en raison sans doute 
d'un accroissemem de la synthese en AMPc. 



MECAMSME DICTION DU PIRACETAM 

Toutes les actions du piracetam, aussi bien centrales que peri- 
pheriques, pcuvent s'expliquer par des effets membranaires. 

le piracctam et la atucture phesptrofipidique mambranaire 

Le piracetam assure une regulation de la structure phospholi- 
pidique de la membrane en accelerant le turn over des derives 
phosphoryles. Ainsi, 1 'incorporation duphosphoreradioactif 
dans les phospholipides de la membrane est augmented sous 
Faction du piracetam et ced est observe aussi bien au niveau 
des neurones, des erythrocyte* quedcsplaquettes. Depjus, au 
niveau des membranes microsoiniaks, le piraedtam accroit , in 
vivo, la synthese de phosphatidylcholine de 52 % et cclie de 
phosphatidylethanolamine de 80<7«. Enfin, le rnetabolismc 
des phospholipides cstTcgule sous Taction du piracetam avec 
une reduction de production de glycerolphospho-ethanola- 
mine et de phosphoserine, Ces phenomenes sont en fayeur 
d'une reduction dc la degradation des molecules indispen- 
ables a rintegrite des membranes plasmiqucs. 

la pkacetam et 1'equ'rpament membranaire 
cfestini a la communication ceBufeire 

Dans rcquiperaant membranaire, nous pouyons distinguer 
les receptees specifiques, les canaux ioniques et les meca- 
nismes d'exocytose permettant la liberation des mediateurs. 
Ces mecanismes font intervenir des constituents proteiques 
dont la synthese est augraentce par un traitement par le pirace- 
tam. Deplus, le piracetam accroit le nombre de rtcepteurs dis- 
ponibles en particulier au niveau du cortex : par ailleurs, le pi- 
racetam augmcnte le taux d'AMPc au niveau des cellules et 
enfin entralne unc acceleration de la liberation de 1'acetyicho- 
line, dc la dopamine et de la noradrenaline cn phase post- 
hypoxique, phenomene relevant dc ('activation del'exocytosc 
et du role neuromodulateur du piracetam. La resultante de ces 
actions permct une meilleure communication cellulaire. 

Plasticite cellulaira 

Les mecanismes d'action evoques ckiessus, ainsi que les re* 
sultats observes aussi bienau niveau neuronal qu'au niveau de 
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cellules circulames, nous aminent a proposer un mecanismc 
unique dcTwissant lection du piracifem. Cette substance 
amcliore la plasticitc ccllulaire, e'est-a-dire la capacity d'une 
cellule de modifier sa rcaciiviti en changeant de forme ou dc 
fonction. La plasticity est inclusc dans la traduction du mes- 
sage re?u par le cellule, dans le tri et le stockage de rinfonna- 
tion, dans la capaciid d'adaptcr la r^ponsc ct, dans la capadte 
d 'integration de nouveaux circuits, Ainsi, dans le vicillissc- 
ment, la diminution de la fluidJU de la membrane neuronale 
entralnerait une diminution du nombrc de rtceptcurs, une di- 
minution de synthese des ncuromddiateurs et du second mcs- 
sager et une diminution des strategies compensatoires d*ou 
('apparition dc symptdmes cliniques. II sembie que le piracy 
tarn puissc intcrYenir sur ces phenoinines par une action in- 
directe sur la plasticiti. 

«BATIONNEU DE t'UTIUSATlON DU PIHACETAM 

Le tableau I resume les effets et les indications du piracctam, 
Lcs indications thdrapeutiques du pirac&am som en fail unc 
extrapolation des donnees experimentales. Les etudes cli~ 
niques recentes montrent que ce compose apporte un benefice 
ttorapeutiquc limits (6,7) sans relation avec les esperances 
pharmacologiqucs, De nombreuses dtudes cliniques menses 
en double insu dans les conditions strides qui sont actucllc* 
ment reconnues pourront pcut^tre dtendre lcs champs d r ar> 
plication thirapeutique du piracitam et des composes noo- 
tropes. En particular, 1c traitcmcm des myoclonies 
postanoxiques par le piracctam mootre des rtsuUats encoura- 
geants. 

CONCLUSION 

Du concept nootrope qui correspond a ractivation des zones 
corticaies d'integration iorsque celles-ci sont dcTicitaires, le 
piracetam est devenu le chef dc file d'une nouvclle classe the- 
rapcutique agissant sur la plastirite cellulaire. Une meiDeure 
plasticitc aura pour consequences un accroisscmcnt des inter- 
relations ncuronaJcs et une facilitation des communications 
interhemispheriques. Cet effet neurotrope propremenl dit est 
associe aux effets hcmorrheologiques observes. ■ 
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54-56, rue Pascal, 75013 Pari*, Tel. r 49607570. Fa*: 49601092- 

L'DFIP organise a Paris le Ujuin 1992: « Les POS alon tes BPC » ? tes 
22-23 juin!992;«Qtitiofi des donnees des ewkcBniqaes)), le24 juin 
1992; « Presentation el communication des resnluu d'essais dl- 
tuque* ^Informations: JFIP, BP 244, 92308 Boulogne cedcx. TO. : 
46033880. 

3" Joumfes de prevention des infections nosocomial**. 

Paris, 25-26 Juin 1992, 

Inscriptions : CK Congres, 4, rue Jean-Maridor, 75015 Paris. Tel : 
45579647. Fax: 45 582697. . 

Fust toientatkmat symposium on imidazofiue preferring receptors. 

Pons. June 29*30 1992. Maison delaChimie. 71 rue Saint-Dominique, 
75007 Paris. 

Jnformauons: ARCUS A.V., 3, me Rousselct, 75007 Pari?. Tel. : 
45 67 6801. Fax: 45671788. 

! GASTKONOMIE 

Les essais en ouvert d'AJex Gorton. 

R est des rues que I'on nc voit pas, mcmc cn hs croisant sans cesse, 
chemins deserts, vendles improbables, voies frequentees par leurs 
seuls habitants. La rue Sajni*Nicolas apparticnt a ce monde du banal , 
seulement empruntee par ceux du meuble cn gros, EOc *e cemtente 
d'etre bitumec, entrcdeux trotloirs, bordeed'imiDCublesaDonymes. 
On y penetre par hasard, lorsqu'uneinani festation pbcede la BastiUc 
cree la thrombose, Tobstacle a contourner au plus viic. Pcrsonne, 
bors les fami)iers r ne sail qu J au 7 exirte te restaurant Antoine, auirc- 
ment denomm* Chez Marcel 

Le dernier effort du susdit, co matiere d'am&iagcmem, remonie aux 
annees cinquante. lorsquMI a decide d'edairer son restaiuact par des 
abat-jour Liberty. Les tables sont dans un alignement irnniuable, 
campers sur leur j picds dc femtc Lcs banquettes, de molcskine, som- 
bre bicn entendu. Le bar prcs de ia pone, commc le veut la tradition 
des Iunonadicrs. On plante, d'eatree dc jeu ct sans barguigner devam 
lea convives, la bouteillede cremedecassi§» lebourgognealigote, a fin 
de leur pcrmettrc de doser 1c kir scion leur coutumc pcrsormcllc . Avec 
un pot debeaujolais, a boirc pur ou discreternerji releved'un doigl dc 
cassis, melange appdd, cn fonction dc 1'orientation politique, un 
communard, ou un cardinal. 

Ensuitc Ic jeu est ouvert, dans la profusion. Entree - plot du jour - fro- 
mage - dessert - cafe. Entree ; cochonnailles ? Les terrines, lcs saucis- 
sons sees, lcs riDcttcs jusqu'a suffisanee, J 'y ai rencontre uii petit sale 
directcrnciit tire dc la legende, serYi a I'asstete, acconipagne d'uoe 
saucissc fumee sublime et de lentilles, tandis que sur la desscne 
la dame du lieu placait rexcedent. Exactement portion identique, 
100 % de rab. Si d'aventure une place reste pour le fromage, la mai. 
son ne fait pas dans ia mesquinerie. Puis ra au lait crime angJaise 
commc le preparait ma mere-grand, L'ensemble P°ur une addition 
reellement sociaJe. Chipoteux et bec d'otseau s'abstiendroni, regime 
lighJ de meme, sous peine d'attirer 1'attention ct d'etre evacues par le 
Samu. Us cinepbiles ivoqueront les fdms Front populairc. Les affa^ 
mcs prendxont trois kilos. 

Alex Corton, gastrotogue de $arde 

Chez Marcel, Restaurtmf Antoine. 7, rue Saint-Nicolas, 75012 Paris. 
Tel.: 43434940. 
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ABSTRACT 

The hypothesis that neurotrophic factors play important roles in the adult central nervous sys- 
tem (CNS) has been successfully investigated in the past decade with regard to experimental 
and pathologic situations. Trophic roles in adult CNS axonal regeneration, on the other hand, 
have received much less attention. We review three groups of recent studies that demonstrate 
the relevance of nerve growth factor (NGF) for the regeneration of selected axons into adult 
central nervous tissue. The first group concerns a septohippocampal model where transected 
septal cholinergic axons are allowed to regrow into the hippocampal formation through a pe- 
ripheral nerve bridge implanted into the transection lesion gap. NGF is required in the bridge, 
enhances penetration of the hippocampal tissue when infused there, and both attracts and pro ' 
motes sprouting within the septum when infused in the lateral ventricle or the septal tissue it- 
self. The second group of studies concerns the development of a spinal c^ord sensory regenera- 
tion model, where dorsal root ganglionic axons regrow into a nerve bridge placed within the 
dorsal spinal cord. Preliminary data indicate that NGF infusion rostral to the bridge once 
again promotes substantial penetration of the adult cord tissue by the regenerating NGF-sen- 
sitive fibers. In the third group of studies, attention has been shifted to the location of endoge- 
nous NGF in the adult rat hippocampal formation and the normal or lesion-induced occur- 
rence of extrasomal NGF immunoreactivity. These regions of anchored NGF have the ability 
to attract NGF-sensitive growing axons and may provide opportunities to investigate local 
cues for final definition of terminal fields. 



INTRODUCTION 

Neurotrophic factors (NTFs), already well recognized for their important functions on developing neu- 
rons of the peripheral nervous system (PNS), were proposed in the mid-1980s to play additional and 
equally important roles in the central nervous system (CNS) of adult mammals (e.g. , Appel, 1981; Varon et al., 
1982, 1 984; Hefti et al., 1989). Since then, the ability of trophic factors to prevent or reduce degenerative re- 
sponses of adult mammalian CNS neurons to a variety of injuries has been firmly established in experimental 
animals (Hefti, 1986; Williams et al., 1986; Kromer, 1987; Sievers, et al., 1987; Anderson et al., 1988; 
Carmignotoet al., 1989; Otto and Unsicker, 1990; HymanetaL, 1991; Pezzoli et al., 1991; Chadi etal.', 1993; 
Hagg and Varon, 1993b; Ventrella, 1993). In fact, NTFs are already being evaluated in clinical trial* as poten- 
tial therapeutic agents for major human neurodegenerative conditions, such as Alzheimer's, Parkinson's, and 
motor neuron diseases (Olson et al., 1992; Seigeret al., 1993). Much less attention, on the other hand, has been 
given to the involvement of neurotrophic factors in CNS regenerative processes (for a recent review, see Varon 



Department of Biology, School of Medicine, University of California, San Diego, La Jolla, California. 

473 



VARON AND CONNER 



and Hagg, 1993). In the present communication, we review three recent investigations of nerve growth factor 
(NGF) that document its competence as a regulator of adult rat intracentral axonal regeneration, namely ( I ) the 
regeneration of septal cholinergic axons into the hippocampal formation, (2) the regeneration of central sen- 
sory axons from the dorsal root ganglionic neurons into the spinal cord, and (3) the occurrence of endogenous 
NGF in extrasomal locations with the potential to serve as guidance signals for intrahippocampal reinnerva- 
tion. 



NGF AND THE SEPTOHIPPOCAMPAL CHOLINERGIC REGENERATION MODEL 

Medial septum (and diagonal band) cholinergic neurons project to the hippocampal formation (HF) mainly 
via the fimbria-fornix tract. A complete aspirative transection of the fimbria- fornix deprives the HF of its 
cholinergic afferents, in addition to depriving the septal cholinergic neurons of their HF trophic contributions 
and causing demonstrable damage to many medial septum cholinergic (MSC) neurons (Hagg et al., 1988). 
Even under intraventricular administration of exogenous NGF, MSC axons could not regrow across the lesion- 
induced cavity unless an appropriate bridge was implanted into it. Several different bridge materials have been 
found competent to solicit or permit outgrowth of cholinergic fibers from the septum {Kromer et al., 1981; 
Wendt, 1985; Tuszynski et al., 1990). We have chosen to use a segment of peripheral sciatic nerve and to quan- 
tify the progression of regenerating cholinergic septal fibers through and beyond the nerve bridge by counting 
the number of fibers crossing imaginary lines at the hippocampal end of the bridge, the entrance of the HF, and 
1 mm, 2 mm, or 3 mm into the HF itself (Fig. 1 A). Cholinergic fibers invaded the nerve bridge to reach a max- 
imal number by 1 month, but their entry into the HF was much slower and decreased with a sharp progression 
beyond the first 1-2 mm of hippocampal tissue (Fig. IB). The resistance of adult CNS tissue to penetration by 
adult CNS axons (at least in this model) appeared to occur with a spatial/temporal gradient away from the le- 
sion rather than as a spatially defined barrier (Hagg et al., 1990b). 

Our trophic hypothesis (Hagg et al., 1993) proposed that the cholinergic axonal regeneration would require 
NGF not only at the nerve cell body level but also along the bridge and in the innervation target territory. The 
nerve bridge could be viewed as a mechanochemical scaffold (axially arrayed tunnels of laminin-coated basal 
lamina) plus an NTF-producing population of living cells (Schwann cells, fibroblasts). Elimination of the liv- 
ing cells (by repeated freeze-thawing and subsequent debris phagocytosis) yielded aceliular nerve segments, 
which had lost their competence as cholinergic regeneration bridges but which regained it on preincubation 
with exogenous NGF (Hagg et al., 1 990a). When exogenous NGF was infused into the medial septum, cholin- 
ergic axons invading a fresh nerve bridge were greatly reduced, whereas massive cholinergic sprouting was in- 
duced toward or within the regions of NGF administration (Hagg and Varon, 1993a). These observations con- 
firmed the neurite-promotirig competence of NGF in vivo and also demonstrated a tropic action of NGF (i.e., a 
directional guidance related to NGF sites and gradients). It was also confirmed that these neuri tic effects of 
NGF were displayed only in the septum ipsilateral to the lesion (i.e., by axotomized MSC neurons). Finally, in- 
fusion of exogenous NGF directly into the hippocampal formation led to an earlier and more substantial pene- 
tration of regenerating cholinergic fibers into the adult hippocampal tissue, thereby compensating for, or over- 
coming, the natural adult CNS resistance (Hagg et al., 1990c). 

Two important features have emerged from these septohippocampal model studies. One is that neurotrophic 
factors can participate in CNS axonal regeneration, at least in the case of one factor (NGF) and one responsive 
neuronal population (MSC neurons). The second feature is that NGF also has tropic effects, and, thus, the lo- 
cation of exogenous or endogenous NGF may be critical for determining the direction of regenerating axons. 
No attempts were made to address the additional question of the final distribution of regenerating axons and the 
local cues that may control it. 

NGF AND THE SPINAL CORD SENSORY REGENERATION MODEL 

A major task for future investigations is to generalize the evidence for NTF participation in CNS regenera- 
tion by demonstrating (1) the regeneration competence of NGF toward neurons other than the MSC ones and 
(2) the regeneration competence of neurotrophic factors other than NGF. Either approach will require the es- 
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tabl.shmen and/or use of quant.fiable adult CNS models and, specifically, the definition of (1) the lesion and 
bndge tmplantafon modahttes, (2) the selective identification of the axons under study (by ei h rnatuT alorex- 
penmental labels) and their quantification, (3) baseline and time-course studies of spontaneous regeneSfon 
events and eventua.ly (4) modalities and effects of exogenous NTF administrations. We have addressees 
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ganglion.c (DRG) neurons (Oudega et al., 1993; 1994a; 1994b; see also Fernandez et al 1990) t 
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material was collected from the distal segment of a peroneal nerve that had been transected 1 wee b fore to 
prov.de a predegenerated graft, b other experiments, the peripheral projections of lumbar DRGs mto both ti fa- 
tal and peronea nerves were un.laterally transected 1 day or 1 week before the central lesion and graft ng to 
P^deacondtttomnglestontomelu^ 
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ganglionic labeling of the central sensory fibers was carried out by injecting choleratoxin B subunit (CTB) into 
the ipsilateral sciatic nerve (Fig. 2B). Longitudinal sections of the cord were immunostained for CTB, and the 
number of CTB-positive fibers was determined in successive caudorostral levels along every other section. 
These levels (A to G in Fig. 2C) correspond, respectively, to the dorsal funiculus caudal to the lesion (A), a cau- 
dal transition zone (B), the peroneal graft (C, D, E), a rostral transition zone (F), and the cord tissue rostral to 
the graft (G). Special precautions were required to minimize secondary lesion effects contributing to the cau- 
dal and rostral transition zones so as to achieve satisfactory and reproducible fusion of the host cord and the 
peroneal graft. 

In the basal conditions (fresh graft, no DRG conditioning, no exogenous NGF), several CTB-positive sen- 
sory fibers were observed coursing through the caudal transition zone toward the graft. Many of them entered 
the peroneal graft, but only a few emerged Into the rostral transition zone, and practically none continued be- 
yond the latter into the spinal cord itself (Fig. 3 A). The use of predegenerated nerve grafts did not significantly 
improve this performance (Fig. 3C). In contrast, a conditioning lesion 1 week before cord lesion and graft led 
to an impressive increase of CTB-positive fibers throughout the pathway sequence (Fig. 3B), and a further en- 
hancement was achieved when DRG conditioning and predegeneration of the graft were combined (Fig. 3D). 




A BCD E F G 

FIG. 2. The spinal cord sensory regeneration model. A. Schematic of the spinal cord with the three relevant dorsal root 
ganglia (L4, L5, L6), the approximate location of central lesion and nerve bridge (Tl 0), and the more rostral'location for in- 
tracord infusions (O, at arrow). P0, P7, optimal times for collection of the peroneal graft material or a conditioning lesion 
or both. B. Injection of choleratoxin B (CTB) tracer through the tibial nerve to the site of a crush lesion (CR) of the sciatic 
nerve (SN). Insert shows immunostaining of the CTB tracer in ganglionic neurons. C. Longitudinal diagram illustrating 
sequential levels (A to G) along the spinal cord where regenerating CTB-positive fibers are to be counted. CTZ, RTZ, cau- 
dal and rostral transition zones on either side of the graft. 
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FIG. 3. DRG conditioning and graft predegeneration effects on sensory regeneration. CTB immunostaining of longitu- 
dinal cord sections. A. In the basal conditions, sensory fibers barely enter the graft (broken outline). B. Much greater oen- 
etration is achieved with a I week preconditioning lesion. C,D. Unconditioned (C) and conditioned (D) outgrowth «— 
predegenerated nerve bridges. Bars = 200 um. Bfyui 



into 



A 1 day conditioning had similar but clearly lesser effects (not shown). A quantitative view of sensory axonal 
regenerat.cn under those several conditions, 1 month after cord lesion and implantation, is provided in Figure 
4A (fresh graft) and B (predegenerated graft). Note that 1 week conditioning coupled with a predegenerated 
graft (curve VI ,n Fig. 4B) allowed all the fibers present caudally to the caudal transition zone (level A) to reach 
the rostral end of the graft (level E). but still only a negligible number of them entered the cord tissue (levels F 
1 i f t ' me ; course s , ,ud y indica,ed ,hat a maximal number of fibers at the graft rostral end was achieved by 
the end of the first week and retained throughout the first month postlesion (with partial retraction becoming 
apparent by the end of the second month). An important concept highlighted by these studies is that even ax- 
onal regeneration into and through a nerve graft may be potentiated or even require special manipulations (neu- 
ronal conditioning, graft predegeneration) for maximal performance. Although such requirements were com- 
pelling with regard to die adult PNS sensory DRG axons, they could still apply (perhaps less stringently) to 
adult CNS axons as well. e " 

We have just begun to examine the impact of exogenous NGF in this spinal cord sensory regeneration 
mode using the optimized protocol of a 1 week DRG conditioning and a I week predegenerated peroneal 
graft (Oudega et al 1993, 1994b). At grafting time, the metal cannula end of a continuous infusion device 
(Vahlsmg et al., 1989) was inserted into the dorsal funiculus, 3 mm rostral to the rostral end of the grift and 2 
mm below the dorsal cord surface. The rats were then infused (at 0.2 p.L/h) with either vehicle alone or vehicle 
containing purified mouse p-NGF ( 1 M or 10« trophic units per day) for 17 days (with a CTB injection 3 days 
before the end). Vehicle-infused animals displayed minimal outgrowth of fibers beyond the graft as previ- 
ously seen in noninfused animals (5% of the graft rostral end fibers-level E-had entered the cord tissue by 
0.5 mm and no farther). Preliminary analyses (schematically depicted in Fig. 5) have indicated that, in marked 
contrast to vehicle infusion, infusion of mouse P-NGF dramatically enhanced sensory fiber elongation into 
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1 MONTH 




1 MONTH 




FIG. 4. Quantitative analyses of sensory fiber advances. CTB-positive fibers were counted at the various sequential lev- 
els (see Fig. 2B), using either fresh bridges (A) or predegenerated bridges (B). I and IV, no preconditioning. II and V, I day 
preconditioning. Ill and VI, 1 week preconditioning. 

host cord tissue. Not all sensory fibers available at the rostral end of the graft were attracted into the cord by the 
NGF infusion, a possible reflection that only about half the dorsal root ganglionic neurons are believed to be 
sensitive to NGF in the adult rat (Verge et al., 1989). Interestingly, these initial observations suggest that the 
number of sensory fibers in the cord decreases as they grow away from the graft and closer to the NGF-infus- 
ing cannula, a possible indication of the limited time available for axonal regrowth in this set of experiments. 

The new spinal cord sensory regeneration model has provided initial evidence that the NGF competence to 
promote in vivo CNS axonal regeneration is not unique for cholinergic neurons of the medial septum but is 
likely to apply to intracentral elongation of any NGF-sensitive adult axons. Whether other NTFs have similar 
competences for their respective target neurons remains an open question. 



ENDOGENOUS NGF AND ITS DISTRIBUTION IN THE 
HIPPOCAMPAL FORMATION 



Axonal regeneration is, of course, only part of the process through which interrupted neural connections 
eventually may be functionally restored. Although progress is being made on intracentral axonal regenera- 
tion — as described in the preceding sections and in recent work pertaining to oligodendroglial-related in- 
hibitors (Schnell and Schwab, 1990; Cadelli and Schwab, 1991) — the final location and functional compe- 
tence of the new axonal terminals remain to be addressed, as do the molecular properties of CNS tissues that 
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FIG. 5. Infused NGF promotes intracorda! sensory regeneration (preliminary data). NGF was infused for 1 7 days, 3 i 
rostral to the nerve bridge. CTB-positive fibers were counted at various distances rostral to the bridge end (level E) 
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must control them. One intriguing observation that may pertain to this question was provided by the septohip- • 
pocampal cholinergic model, namely, a remarkable similarity between the cholinergic pattern in a normal 
adult HF and the pattern reestablished by regenerating cholinergic axons in the limited portion of HF that was 
reinnervated, that is, the most rostral L5 mm of the dorsal HF (Fig. 6) (Hagg et ai;, 1990a). Such a similarity 

A ~~ r ~~ ■ ; 




FIG. 7. Extrasomal NGF immune-reactivity (IR) in the mossy fiber region. The immunoreactive pattern for NGF (A) is 
different from that for low affinity NGF receptor, a marker for cholinergic afferents (B), but similar to a Timm staining pat- 
tern that selectively labels mossy fibers (C). (Original magnification = xl7.) 
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Control ECX FFT-->ECX 




FIG. 9. The new NGF-IR band is independent of local cholinergic sprouting. The NGF-IR band appears in the outer mol- 
ecular layer after entorhinal cortex lesion (C)even when the latter is preceded by a fimbria-fornix lesion (E). In contrast, 
the additional fimbria- fornix lesion prevents the appearance of a corresponding band of cholinergic terminals (F), which 
would otherwise be solicited by an entorhinal lesion (D). (A), (B): NGF and LNGF-R immunoreactivity in rats receiving 
neither the entorhinal (ECX) nor the fimbria- fornix (FFT) lesion. (Original magnification = x 160.) 



To go beyond provocative correlations, one would require an actual demonstration that natural and lesion- 
induced NGF-IR patches could direct the growth of NGF-sensili ve axons into HF tissue. Implants of superior 
cervical ganglia (SCG) into the cavity generated by a fimbria- fornix transection provided a convenient source 
of NGF-sensiti ve axons (Conner and Varon, 1 993) with which to probe both the MF patch and the OML patch 
of NGF-IR. The mossy fiber pathway had already been reported to be selectively addressed by host sympa- 
thetic fibers but only following a fimbria-fornix transection (Loy and Moore, 1977; Crutcher et aI M 1979). The 
new study, using DBH immunoreactivity to track sympathetic fibers, confirmed that implanted SCG would 
similarly innervate the mossy fiber pathway after (but not without) a fimbria-fornix transection* Us shown by 
BjorkJund and Stenevi, 1977), establishing that the resulting cholinergic deafferentation of that HF region is 
crucial to the latter's suitability for new fiber invasion. The study also verified that the mossy fiber region ad- 
dressed by the donor sympathetic axons did coincide with the previously recognized MF patch of extrasomal 
NGF-IR (Fig.- I0A,C). Sympathetic fibers from the implanted SCG also reached into the outer molecular lay- 
ers of the HF, but only when a prior entorhinal cortex lesion had both deafferented the region and created there 
the new OML patch of the NGF-IR (Fig. 10B,D). 
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of the neurotrophin family, has shown regeneration-promoting activity in vivo for adult rat corticospinal mo- 
tor neurons (Schnell and Schwab, 1993) when administered in conjunction with antibodies to myelin-associ- 
ated inhibitors of axonal regeneration (Schnell and Schwab, 1990; Cadelli and Schwab, 1991). Another factor, 
IL-I , a cytokine known to stimulate output of NTFs by glial cells (Lindholm et al„ 1987; Carman-Krzan et al., 
1991) also has been discussed in the context of axonal regeneration (Fagan and Gage, 1990). The field is barely 
tapped, and much progress is to be expected over the next few years. 
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